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Background: To assess the impact upon the provision of a vascular service of the workload associated with maintaining 
infrainguinal bypass graft patency. 
Design: A computerised prospective audit. 
Materials and methods: Between January 1990 and December 1995, all patients with infrainguinal bypass grafts were 
entered into a prospective computerised audit to monitor interventions for the maintenance of graft patency. Excluded 
from the study were interventions during the first 30 postoperative days and procedures not directly related to the graft. 
A graft surveillance programme was in operation throughout. 
Results: During the study period a total of 131 patients with 144 grafts were admitted on 330 occasions and required 
401 separate interventional procedures. There were 227 procedures in 72 femorodistal grafts, 116 in 38 below-knee 
femoropopliteaI grafts and 58 interventions in the group of 34 above-knee f moropopliteal grafts. Radiological interventions 
accounted for almost 70% of this workload. 
Conclusion: The workload associated with the maintenance of infrainguinal bypass grafts increased considerably during 
the study period, and seems likely to increase further. Such interventions should therefore be considered when planning 
for vascular service provision. 
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Introduction 
Intervention for lower limb ischaemia secondary to 
peripheral vascular disease accounts for a considerable 
proportion of a vascular surgeon's workload. The treat- 
ment options for such patients have increased, par- 
ticularly with the advent of percutaneous transluminal 
angioplasty (PTA), but this has failed to reduce the 
number of bypass grafts performed) Indeed the num- 
ber of infrainguinal bypass grafts performed has in- 
creased over the last decade. 2 
Graft failure may occur because of problems related 
to inflow, outflow or the graft itself. Focal graft stenoses 
develop in 30% of grafts 3and once occluded, grafts 
are difficult to salvage. 4 They may occur at either 
anastomosis site or in the body of the graft itself. 5 
Graft surveillance programmes offer the potential for 
the early detection of patency threatening lesions and 
intervention toprevent progression to graft occlusion. 
Whether this leads to an increase in cumulative 
patency rates remains to be conclusively proven, 6 but 
there has been an increase in the overall number of 
graft interventions. 7'8 
On detection of a stenosis, treatment options include 
surgical correction by patch angioplasty, inter- 
positional or jump graft, or PTA. Each has its pro- 
ponents but the best therapeutic approach remains to 
be proven. 9'1° These patients are often admitted on an 
urgent or semi-urgent basis leading to interruption of 
elective radiological nd theatre lists, and this is rarely 
considered when planning for service provision and 
contracts. The aim of this study was to assess the 
workload required to maintain infrainguinal bypass 
graft patency over a 6-year period between January 
1990 and December 1995. 
Patients and Methods 
* Please address all correspondence to: I. M. Loftus, The Department 
of Surgery, Robert Kilpatrick Building, PO Box 65, Leicester Royal 
Infirmary, Leicester LE2 7LX, U.K. 
A prospective computerised audit was maintained on 
all patients undergoing infrainguinal bypass grafts in 
the Vascular Unit at the Leicester Royal Infirmary 
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Fig. 1. The number of infrainguinal grafts performed inthe Vascular 
Unit in the 10-year period to 1995. (D) Infrageniculate; ( i)  Supra- 
geniculate. 
between January 1990 and December 1995. Throughout 
the study period all patients with vein grafts still 
patent at 30 days post-surgery were entered into a 
prospective graft surveillance programme. Vein grafts 
were examined by duplex scan (colour from 1991) 
during the first year postoperatively at 1, 3, 6, 9 and 
12 months and thereafter at intervals of 6 months. The 
criteria for intervention was a segmental peak systolic 
velocity ratio of greater than 2.5, though this was 
increased to 3 in June 1995, corresponding to ap- 
proximately 70% reduction in cross-sectional rea. 11 In 
addition, patients with synthetic grafts were entered 
into the surveillance programme between January 1992 
and December 1994. Vein graft stenoses were treated 
in the first instance with PTA. 
Excluded from this study were complications oc- 
curring within the first 30 postoperative days and 
any subsequent procedure not directly related to the 
original graft (e.g. aortic aneurysm repair or inflow 
procedure). 
Primary graft patency corresponds to those grafts 
requiring no intervention, whilst primary assisted rates 
include grafts with uninterrupted patency but which 
have required intervention. Secondary patency rates 
are defined as grafts in which flow has been restored 
through at least one of the original anastomoses. 12 
Results 
The number of infrainguinal bypass grafts performed 
at the Leicester Royal Infirmary has increased steadily 
over the last 10 years. Whilst the number of supra- 
geniculate grafts performed per year has remained 
Table 1. Details of the graft material used in those patients who 
required intervention during the study period. 
Graft material Site of distal anastomosis 
Above-knee Below-knee Distal 
popliteal popl iteal vessels 
(n = 34) (n = 38) (n = 72) 
In situ/reversed vein 13 33 63 
Composite vein 0 0 6 
synthetic 21 5 3 
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Fig. 2. The admission and procedure rates for patients with hffra- 
inguinal grafts during the study period. (D) Procedures; (C)) ad- 
missions. 
fairly static, the number of infra-geniculate grafts per- 
formed has increased from 19 in 1986 to 64 in 1995 
(Fig. 1). During the study period 478 infrainguinal 
grafts were performed. For those who required inter- 
vention, the types of graft material used in the initial 
procedures are shown in Table 1. 
During the study period, a total of 131 patients 
with 144 grafts were admitted on 330 occasions. They 
required 401 separate interventional procedures. This 
corresponds to 30.1% of the grafts performed requiring 
one or more intervention. The number of admissions 
and procedures rose steadily from 1990 to 1994 (Fig. 
2). The number of surgical interventions more than 
doubled during the study period, increasing from 12 
in 1990 to 28 in 1995. There was, however, a much 
larger increase in the number of radiological inter- 
ventions, from 12 in 1990 to 63 in 1995 (Fig. 3). Thus 
radiology accounted for 50% of all interventions in 
1990, rising to 70% in 1995. There was a decrease in 
both the admission and the procedure rate in 1995. 
The greatest proportion of admissions and pro- 
cedures were required in those patients with more 
distal grafts. There were 227 procedures in 72 femo- 
rodistal grafts (mean=3.15, range 1-12), and similarly 
116 in 38 below-knee femoropopliteal grafts (mean= 
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Fig. 3. The relative change in surgical and endovascular workload 
during the study period. (K]) Surgery; (11) endovascular. 
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Fig. 4. The admission and procedure ates related to the distal graft 
anastomosis te. ([~) Patients; (11) admission; (m) procedures. 
Table 2. Details of procedures performed on patients with infra- 
inguinal grafts in situ for more than 30 days. 
Procedure Graft 
AKFPB BKFPB Fem.-distal 
(n = 58) (n = 116) (n = 227) 
Angioplasty -- lysis 37 72 163 
Revision/distal bypass 11 12 5 
Interposition/jump graft 3 6 20 
Anastomotic revision 1 8 11 
Graft thrombectomy 6 9 11 
Amputation 0 5 8 
Miscellaneous 0 4 9 
AKFPB=Above-knee femoropopliteal bypass. 
BKFPB = Below-knee f moropopliteal bypass. 
3.05, range 1-17). This compares with 58 interventions 
in the group of 34 above-knee femoropopliteal grafts 
(mean=1.74, range 1-8) (Fig. 4). Radiological in- 
terventions accounted for almost 70% of this workload, 
but a wide range of surgical procedures were also 
performed (Table 2). 
During the study period, 129 surgical interventions 
were required for infrainguinal grafts. Infrainguinal 
grafts also accounted for 272 of a total of 2106 radio- 
logical procedures. They accounted for 5% of the total 
vascular surgical workload and 13% of the total radio- 
logical vascular workload. Over the 6-year period 
the number of diagnostic angiograms diminished and 
therefore the proportion of the radiological workload 
dedicated to the maintenance of infrainguinal grafts 
increased. 
As previously repor ted/ the  primary, primary as- 
sisted and secondary cumulative patency rates at 42 
months postoperatively were 40, 65 and 69%, re- 
spectively. 
Discussion 
An aggressive policy of revascularisation for lower 
limb ischaemia has been advocated, since it results in 
improvements in limb salvage rates, 13 better quality 
of life 14 and shorter hospital stay. 15 It is also more cost- 
effective than amputation. 16'17 Previous studies have 
highlighted the early costs of surgery for limb threat- 
ening ischaemia. 17The economic and morbidity im- 
plications of re-intervention to maintain bypass graft 
patency have also been considered, 18 but no study has 
highlighted the rise in workload since the introduction 
of graft surveillance programmes. 
Patients with recurrent stenoses or run-off disease 
progression often require urgent or semi-urgent ad- 
mission with subsequent eed for emergency theatre or 
radiology facilities, or disruption of elective radiology 
and theatre lists - a factor not generally considered in 
service provision or contracts. Our experience over 
the study period was of, on average, one admission 
per week, disruption of a radiology list once per week 
and theatre occupancy once every 2 weeks. Secondary 
procedures for infrainguinal grafts accounted for 59% 
of all vascular surgical procedures and 13% of all 
endovascular procedures. This workload increased 
throughout the study period and seems likely to in- 
crease further as the number of bypass grafts per- 
formed continues to rise. In particular, the proportion 
of the radiology workload dedicated to the main- 
tenance of infrainguinal grafts increased as the number 
of diagnostic angiograms performed iminished. 
The unit experienced a reduction in the workload 
required to maintain patency in 1995. This seems likely 
to be related to a change in intervention policy at this 
time, from a peak systolic velocity on duplex scan 
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from 2.5 to 3. In addition, the surveillance programme 
for synthetic grafts was also abandoned at this time 
because we demonstrated no actual benefit in patency 
rates. 19 Whether the unit will see a further rise in 
procedure rates, with progression of smaller lesions 
which are no longer treated, remains to be seen. 
A national survey of patients with critical limb 
ischaemia showed that 66% undergo revascularisation 
of which 66% are said to require bypass grafting. 16 It 
may be argued that improvements in endovascular 
techniques may reduce the proportion of patients re- 
quiring surgery in the future and a recent prospective 
study has shown that only 30% of patients with critical 
limb ischaemia now require surgery. 2° This has, how- 
ever, failed to reduce the overall number of grafts 
performed uring the last 10 years. 2I Indeed, it may 
be that the number of distal grafts performed continues 
to increase. Although patients with infrapopliteal dis- 
ease are being treated with PTA, it is technically more 
difficult the more distal the disease, and the results of 
bypass urgery, even as far as the foot, justify such an 
aggressive revascularisation policy. 22'23 However, this 
study has shown that it is these more distal grafts 
that require more frequent intervention to maintain 
patency. The concentration fsuch surgery in specialist 
vascular units, 16 plus advances in perioperative assess- 
ment 24 and surgical technique 25have been shown to 
improve patency and limb salvage rates. These are also 
the centres that have graft surveillance programmes in
operation. The results of this audit suggest, therefore, 
that such workload should be considered in service 
and resource planning, particularly in the specialist 
vascular units where more distal surgery is being 
performed. 
Graft surveillance and re-intervention may improve 
long-term patency rates, although this remains to be 
conclusively proven. 6'26 There also remains debate as 
to whether stenoses hould be treated primarily with 
PTA or surgery. 9'1° There were a small number of 
patients who required more than 10 interventions, 
predominantly PTA, to maintain patency during the 
6-year study period. This raises the question as to 
whether patients hould undergo multiple procedures 
in this way, but this could only be answered by a 
prospective trial. Meanwhile, once a graft is performed 
the service must be available to strive to maintain the 
patency of the graft and it may be proposed that a 
number of minor procedures are favourable if they 
culminate in prolonged limb salvage. If grafts are left 
to occlude, this frequently leads to amputation with 
all its associated morbidity, mortality and extra costs. 
A recent paper by Panayiotopoulos et al. 27 showed 
the cost of a failed femorocrural/femoropedal bypass 
leading to secondary amputation to be more than four 
times the cost of successful bypass (£17 066 vs. £4320) 
with a limb salvage rate of 54%. They highlighted a 
number of factors that may help to select hose at risk 
of graft failure including graft material, the number 
of run-off vessels and the inflow state. During the 
study period in Leicester 478 infrainguinal grafts were 
performed, but only 13 major limb amputations were 
performed in patients with infrainguinal grafts in place 
for more than 30 days. The graft patency rates for the 
unit are comparable to other major centres, with a 
secondary cumulative patency rate of 69% at 42 
months. 7The proportion of patients requiring inter- 
vention at 31% is also comparable to previous reports 
of stenosis formation) This suggests, therefore, that 
an aggressive policy of reintervention may indeed 
increase limb salvage. There is a significant cost im- 
plication, however, as Cheshire et al. 18 showed that re- 
intervention doubled the cost of the original procedure 
to £15 000 and £20 000 for vein and PTFE grafts, re- 
spectively. 
In conclusion, the workload associated with the 
maintenance of infrainguinal graft patency is in- 
creasing and has major implications for the or- 
ganisation of the vascular service. This should be 
considered when planning for resources and service 
provision. 
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